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River Nile EgyptAbstract The study of ﬁshery biology of Chrysichthys auratus from Damietta branch, Egypt
showed that the population has SL range of 7–20 cm, L0 = 11.85 cm. Males represent 45.90%
and females 53.98% of the population. Length–length and length–weight relationships were ana-
lyzed for males, females and combined sexes. It was: SL = 0.6231 + 0.8402 TL and
LogW= 1.6253 + 2.9832 LogSL for combined sexes, respectively. The highest values of condi-
tion factor were obtained in July, August and September for both sexes. The mean value of (K) for
males was higher than those of females in all different lengths. Age was assessed by Bhattacharya’s
(1967) method from length frequency data to estimate the von Bertalanffy growth parameters
(L1 = 26.53 cm, K= 0.214 and to = 1.569). The individuals of this species live for about 4 years
and the ﬁrst age dominates the population. The growth performance index in length (AL) and
weight (Awt) was estimated as 2.18 and 1.11, respectively. The mortalities were computed as:
Z= 1.44, M= 0.60 and F= 0.84. The exploitation rate was estimated as Ecur = 0.58. Length
at ﬁrst capture (Lc) was 9.66 cm at age 0.54 years. Length at recruitment (Lr) was 8.49 cm and
age 0.35 years. It was found that the stock of Chrysichthys auratus in Damietta branch was ratio-
nally exploited.
ª 2014 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries.Introduction
Chrysichthys originating from the Greek word Chrysos, mean-
ing golden and icththys, meaning ﬁsh; denotes the golden yel-
low color of this ﬁsh species, Chrysichthys auratus.Fishes of the genus Chrysichthys are Catﬁsh (Siluriforms)
Bagridae which are commercially important. All species of
Chrysichthys are African, but only two species are known in
the Nile of Egypt namely C. auratus and Chrysichthys rueppel-
li. In particular, the long ﬁn Catﬁsh, C. auratus is abundant in
the Nile from Damietta in Egypt to Gondokoro in Sudan,
Senegal, Volta, Chad lakes, Congo River and Niger systems
as well as the lagoons of the Ivory Coast (Boulenger, 1907;
Risch, 1986; Agnese, 1991; Laleye and Philippart, 1993;
Bishai and Khalil, 1997; Zaki et al., 1997; Ikomi and Odum,
172 E. Ragheb1998; Ofori-Danson et al., 2002; Bakhoum and Sayed-Ahmed,
2003; Ezenwaji and Godfrey, 2004; Hardman and Stiassny,
2008; Olele et al., 2008; Asiwaju and Akanbi, 2011;
Atobatele and Ugwumba, 2011; Akpan, 2013; Atobatele,
2013).
Three subspecies of C. auratus (Geoffroy Saint- Hilaire,
1809) namely C. auratus auratus (Geoffroy Saint- Hilaire,
1809), Chrysichthys auratus longiﬁlis (Pfaff, 1933) and Chrys-
ichthys auratus tilhoi (Pellegrin, 1909) are identiﬁed but with
low variable characters (Agnese, 1991). The two ﬁrst subspe-
cies C. auratus auratus and C. auratus longiﬁlis were detected
in the River Nile of Egypt by Bakhoum and Sayed-Ahmed
(2003). However, Boulenger (1907), Bishai and Khalil (1997)
and Zaki et al. (1997) conﬁrmed the existence of the C. auratus
without referring to any subspecies in the Egyptian inland
water.
Abban and Skibinski (1988) observed a low variability in
Schilbe mystus and suggested this low variability to be a result
of regular reduction in habitat space, human activities which
could directly inﬂuence the genetic structure of ﬁsh popula-
tions and intensive ﬁshing using poisons. These explanations
might also account for the low variability observed in samples
of C. auratus. The present study is done on the C. auratus with-
out referring to any sub-species of the complex.
Studies on various aspects of C. auratus have been pub-
lished by various authors; from these we mention, Laleye
and Philippart (1993) in Lake Nokoue and Porto-Novo
Lagoon (Benin); Ikomi and Odum (1998) in River Benin,
Niger Delta, Nigeria; Ofori-Danson et al. (2002) in Lake
Volta, Ghana; Bakhoum and Sayed-Ahmed (2003) in the
Egyptian inland waters; Ezenwaji and Godfrey (2004) in
Anambra River, southeastern Nigeria; Atobatele and
Ugwumba (2011) in Aiba reservoir and Atobatele (2013) in
Aiba reservoir, Nigeria.
The present work is carried out to provide information on
the ﬁshery biology of C. auratus of the River Nile at Damietta
branch of Egypt.Study area
Damietta branch is one of the two River Nile branches in
Egypt, the Damietta branch to the east and the Rosetta
Branch to the west forming the Nile Delta (Fig. 1). It is consid-
ered as an important fresh water canal. It extends from down-
stream Delta Barrages to the Mediterranean Sea with length of
about 245 km. It has an average width of about 280 m (Negm
et al., 2011).
The main catch of Damietta branch of the Nile is composed
of tilapias (Oreochromis spp. and Tilapia zillii), as well as some
other species such as Chrysichthys spp., Mormyrus kannume,
Bagrus spp., Clarias spp., Synodontis schall, Labeo niloticus,
Lates niloticus, Malapterurus electricus, Cyprinus spp. and
Gambusia afﬁnis.
Materials
C. auratus (Fig. 2) were collected monthly from catch landings,
caught by professional ﬁshermen using gill nets with mesh sizes
5, 5.5, 6, 8 and 9 cm. Sampling lasted from January to Decem-
ber 2010, from the Damietta branch of River Nile, Egypt.Methods of study
The total (TL), standard (SL) and weight (g) as well as sex of
each ﬁsh were determined. A total of 804 samples were used to
study the length frequency distribution of C. auratus, which
were grouped into 1.0 cm length groups from 7.0 to 20.0 cm
in standard length for both sexes.
Due to the importance of SL–TL transformation in biolog-
ical studies SL–TL relationship was estimated by the following
linear regression formula: SL = a+ b TL, where a and b are
constant values which could be determined by least squares
method.
The length–weight relationship of the ﬁsh was expressed by
the equation W= a Lb; where W=weight (g), L= length of
ﬁsh (cm), a and b are constants. The logarithm-transformed
data will give the linear regression equation, LogW=Log
a+ b LogL (Le Cren, 1951).
Fulton condition factor or coefﬁcient of condition (K) was
estimated by the relationship K= 100 W/L3 (Le Cren, 1951);
K= condition factor, L= standard length (cm) and
W=weight of ﬁsh (g). In the present work, the gutted weight
was used instead of total weight in the calculation of condition
factor in order to exclude the effect of stomach contents and
weight of gonads (Lagler, 1956 and Ricker, 1975).
Age was determined by Bhattacharya’s (1967) method
which depends on the analysis of length frequency data. The
assigned age at length groups was used for the estimation of
the von-Bertalanffy growth parameters (L1, K and to). These
von-Bertalanffy growth parameters were calculated by
Gulland’s method (Gulland, 1965) as follows:
Lt ¼ L1½1 eKðttoÞ and Wt ¼ W1½1 eKðttoÞb
where, Lt = total length of the ﬁsh at age t,Wt = total weight
of the ﬁsh at age t, L1 = theoretical maximum expected total
length, W1 = theoretical maximum expected total weight,
to = hypothetical age at zero size and was estimated by the
equation: to ¼ tþ ð1=KÞðLnðL1  LtÞ=L1Þ, K is the growth
coefﬁcient which is said to be proportional to the rate of
destruction of body materials, b is the exponent in the
length–weight relationship (Beverton and Holt, 1957).
The growth performance index (U) was computed accord-
ing to the equations of Moreau et al. (1986) as follows:
UL ¼ LogKþ 2LogL1 and Uwt ¼ LogKþ 2=3LogW1
where, K, L1, W1 were the von-Bertalanffy parameters.
The total mortality rate (Z) was estimated by using the lin-
earized catch curve derived by Ricker (1975). The annual mor-
tality (A) is computed as A= 1  S where, S is survival rate
which is computed from the equation, S= ez (Ricker,
1975). The natural mortality (M) was computed by applying
the empirical equation developed by Pauly (1980):
M ¼ 0:0152 0:279LnL1 þ 0:6543 lnKþ 0:463LnT;
Using the growth parameters and the annual mean water tem-
perature as 22 C in which the stock lives, as well as, a natural
mortality at age model was computed by using vender of M by
age as shown by Abella et al. (1997, 1998). The ﬁshing mortal-
ity (F) was calculated as F= Z M (Beverton and Holt,
1957).
The exploitation ratio (E) or expectation of death from ﬁsh-
ing during some speciﬁed time period when all cases of death
a                             b                                                  
Figure 1 Maps showing the River Nile in Egypt (a), and the sampling site (Damietta branch of the River Nile) (b).
Figure 2 Chrysichthys auratus.
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mated according to the formula of Gulland (1971 and 1983),
E= F/Z.
The length (Lc) and age (tc) at ﬁrst capture:
Lc ¼ L0  ðKðL1  L0Þ=ZÞ and
tc ¼ ð1=KÞLnð1 Lc=L1Þ þ toÞ
where, L0 = the mean length which was calculated from length
frequency distribution, Z= total mortality and K, L1, and to
were the von-Bertalanffy growth parameters.
The length (Lr) and age (tr) at recruitment:
Lr ¼ L0  ðKðL1  LminÞ=ZÞ and
tr ¼ ð1=KÞLnð1 Lr=L1Þ þ to
were estimated using the formulae given by Beverton and Holt
(1957).
The relative yield per recruit (Y/R) model is developed by
Beverton and Holt (1957) and modiﬁed by Pauly and
Soriano (1986). The biomass per recruit (B/R) was calculated
as B/R= (Y/R)/F (Ricker, 1975).
Results and discussion
Length composition
The standard length of 804 ﬁsh of C. auratus obtained during
the present study varied between 7.0 and 20.0 cm with an
average length of 11.85 cm. The specimens of 10.0–13.0 cmrepresent 79.84% of the number of sampled ﬁsh. The number
of males was 369 individuals; they ranged in length from 8.0 to
19.0 cm SL. The males constitute 45.90% of the studied sam-
ples. The number of the females of the studied samples was
434 individuals which ranged in length from 7.0 to 20.0 cm SL
representing about 53.98%. The length frequency distribution
of males and females is represented in Fig. 3. This makes a sex
ratio of about 1.00:1.18 male to female.
Length–length relationship
The linear regression equations for SL–TL were:
SL = 0.6687 + 0.8443 TL (n= 369, R2 = 0.9829), for
males
SL = 0.6274 + 0.8395 TL (n= 434, R2 = 0.9841), for
females
SL = 0.6231 + 0.8402 TL (n= 804, R2 = 0.9838), for
combined sexes
The linear relationships for SL–TL are shown for males,
females and combined sexes in Fig. 4.
The parameters of standard-total length relationship for C.
auratus in Anambra River, Nigeria were a= 3.3760,
b= 0.548 and r= 0.786 for a total length range from 9.0
to 16.2 cm (Ezenwaji and Godfrey, 2004). The highest coefﬁ-
cient of determination (R2) in the present study indicates that
the regression equations are best ﬁtting for the standard
length.
Figure 3 Length–frequency distribution of males and females for Chrysichthys auratus from Damietta branch of the River Nile, Egypt
(January 2010–December 2010).
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Standard lengths and weights were used for the analysis of the
length–weight relationship. The derivation of the length–
weight relationship of C. auratus was based on total and gutted
weights. Gutted weights were used to avoid the bias that may
occur by weight of the gonads and stomach. Therefore, the
curve of length–weight based on gutted weight was most prac-
tical curve for conversions between length and weight. The
computed length–weight relationship for C. auratus is given
in Fig. 5, and the mean observed length and weight at different
lengths are represented in Table 1.
The lengths of C. auratus ranged from 7.0 to 20.0 cm (SL)
while the weight ranged from 8 to 217 g and from 6 to 177 g
for total and gutted weights of the combined sexes,
respectively.Figure 4 Relationship of total length and standard length for Chry
(January 2010–December 2010).The largest male weighed 186 and 177 g, while the largest
female weighed 217 and 172 g for total and gutted weights
respectively. Males were heavier than females at smaller
lengths (7.0–15.0 cm).
Generally, it was observed that ﬁsh weight increased as its
length increased and b values were closely related to 3 for
males, females and combined sexes in total and gutted weights
which indicate isometric growth (Table 2). It was found also
that there were signiﬁcant differences at 1% level between
sexes for total and gutted weights.
The length–weight equations for C. auratus at different
regions are reported in Table 2. Atobatele (2013) gave a value
of b= 3, in some tropical reservoir while Bakhoum and
Sayed-Ahmed (2003) in the Egyptian inland waters gave a
value which was low. The length–weight relationship in ﬁsh
is affected by many factors such as season, habitat, gonadsichthys auratus from Damietta branch of the River Nile, Egypt
Male Male
Female Female
Combined sexes Combined sexes
Figure 5 Length–weight relationship for Chrysichthys auratus from Damietta branch of the River Nile, Egypt (January 2010–December
2010).
Table 1 The mean observed length and weight with ﬁsh length of Chrysichthys auratus caught by gill nets from Damietta branch of
the River Nile, Egypt (January 2010–December 2010).
Standard length Male Female Combined sexes
cm N Total weight Gutted weight N Total weight Gutted weight N Total weight Gutted weight
7 – – – 1 10.00 8.00 2 9.00 7.00
8 4 15.75 13.75 4 13.25 12.00 8 14.50 12.88
9 13 23.15 20.23 12 21.25 18.67 25 22.24 19.48
10 62 32.17 28.16 66 31.68 27.55 128 31.92 27.84
11 129 40.57 35.47 128 38.97 34.23 257 39.77 34.85
12 82 48.66 43.24 93 49.23 43.45 175 48.96 43.35
13 29 61.93 55.92 50 58.32 50.86 79 59.65 52.73
14 24 83.38 72.21 29 72.90 64.28 53 77.64 69.23
15 11 97.36 89.09 18 95.44 83.17 29 96.17 85.41
16 6 96.50 89.50 15 110.40 96.53 21 106.43 94.52
17 7 136.29 124.71 10 134.30 117.20 17 135.12 120.29
18 1 162.00 153.00 4 175.00 150.75 5 172.40 151.20
19 1 186.00 177.00 2 203.00 167.00 3 197.33 170.67
20 – – – 2 185.50 165.00 2 185.50 165.00
Total 369 434 804
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Table 2 Length–weight relationship of Chrysichthys auratus in different geographical areas.
Source Region Species Equation r r2 Sex
Bakhoum and
Sayed-Ahmed (2003)
In gutted weight
El-Nozha Hydrodrome
Alexandria, Egypt
C. auratus auratus LogW= 1.774 + 2.865 LogL 0.9973 Combined
C. auratus longiﬁlis LogW= 1.787 + 2.866 LogL 0.9871 Combined
River Nile at Al-Minya C. auratus auratus LogW= 1.596 + 2.664 LogL 0.9902 Combined
C. auratus longiﬁlis LogW= 1.827 + 2.824 LogL 0.9945 Combined
Atobatele (2013) In total weight
Aiba reservoir C. auratus LogW= 4.66 + 2.99 LogSL 0.97 Male
Iwo, Nigeria LogW= 4.60 + 2.95 LogSL 0.94 Female
LogW= 4.65 + 2.98 LogSL 0.97 Combined
Present study Damietta branch
of River Nile
C. auratus In total weight
LogW= 1.5560 + 2.9777 LogSL 0.9138 Male
LogW= 1.5129 + 2.9241 LogSL 0.9178 Female
LogW= 1.5258 + 2.9427 LogSL 0.9101 Combined
In gutted weight
LogW= 1.7282 + 3.0885 LogSL 0.9315 Male
LogW= 1.5654 + 2.9198 LogSL 0.9198 Female
LogW= 1.6253 + 2.9832 LogSL 0.9220 Combined
176 E. Raghebmaturity, sex, diet and annual variations in environmental
conditions (Bagenal and Tesch, 1978).
Condition factor
According to the present study the mean monthly condition
factor (K) ranged from 1.79 to 2.50 for males and from 1.87
to 2.47 for females. The highest values were obtained in July,
August and September for both sexes (Table 3 and Fig. 6).
The mean values of (K) of males were higher than those of
females with different lengths (Table 4). Variance analysis
revealed that this difference is insigniﬁcant.
The lowest condition factor recorded in February and April
for both sexes may suggest that in these months the peak of
spawning is realized.
The condition factor as given by Ikomi and Odum (1998)
for C. auratus in River Benin; Nigeria ranged from 1.0 to
2.9. However, in the present study, the condition factor ranged
from 1.08 to 3.19. The mean values of condition factors given
by Bakhoum and Sayed-Ahmed (2003) for ﬁshes from El-Noz-
ha Hydrodrome, Alexandria, Egypt, were higher than thoseTable 3 Monthly variation of condition factor (K) for Chrysichthys
2010–December 2010).
Month Male Fe
No. K± SD No
January – – 4
February 10 1.79 ± 0.27 14
March 15 2.10 ± 0.19 17
April 9 1.96 ± 0.24 23
May 34 2.28 ± 0.23 51
June 42 2.31 ± 0.21 39
July 77 2.45 ± 0.21 59
August 50 2.50 ± 0.22 54
September 46 2.45 ± 0.25 58
October 29 2.28 ± 0.18 44
November 38 2.30 ± 0.20 39
December 19 2.15 ± 0.16 32
Total 369 434from the River Nile at Al Minya, Egypt, whereas these values
were 1.136 and 1.066 for C. auratus auratus, 1.137 and 1.016
for C. auratus longiﬁlis, i.e., the ﬁshes in Damietta branch of
the Nile (Average condition factor = 2.29) are heavier than
those shown by Bakhoum and Sayed-Ahmed (2003) in the
Egyptian inland waters, which may be due to its higher feeding
activity. The lowest mean monthly condition factor in Aiba
Reservoir, Nigeria (Atobatele and Ugwumba, 2011) for male
C. auratus (1.87 ± 0.08) was recorded in June while the highest
(2.20 ± 0.15) was recorded in September; however, the lowest
mean monthly condition factor for the females (2.03 ± 0.06)
was recorded in April, and June (2.04 ± 0.00), while the high-
est (2.87 ± 0.00) was recorded in February. The differences in
condition factor with different regions are mainly attributed to
water regional variations in environmental conditions.Age and growth
Length frequency distribution of C. auratus was analyzed by
Bhattacharya’s method (1967) as incorporated in FISATauratus from Damietta branch of the River Nile, Egypt (January
male Combined sexes
. K± SD No. K± SD
2.08 ± 0.23 4 2.08 ± 0.23
1.92 ± 0.15 24 1.87 ± 0.21
2.04 ± 0.31 32 2.07 ± 0.26
1.87 ± 0.26 33 1.90 ± 0.25
2.04 ± 0.29 85 2.14 ± 0.29
2.18 ± 0.22 81 2.25 ± 0.22
2.37 ± 0.21 136 2.42 ± 0.21
2.45 ± 0.19 104 2.47 ± 0.21
2.47 ± 0.20 104 2.46 ± 0.22
2.24 ± 0.22 73 2.26 ± 0.21
2.24 ± 0.18 77 2.27 ± 0.19
2.19 ± 0.23 51 2.13 ± 0.20
804
Figure 6 Monthly variations in the values of the condition factor
(K) for Chrysichthys auratus from Damietta branch of the River
Nile, Egypt (January 2010–December 2010).
Table 4 Variation of condition factor (K) with ﬁsh length for
Chrysichthys auratus from Damietta branch of the River Nile,
Egypt (January 2010–December 2010).
Standard length Male Female Combined sexes
(cm) No. K No. K No. K
7 – – 1 1.69 2 1.58
8 4 2.06 4 1.92 8 1.99
9 13 2.22 12 2.16 25 2.19
10 62 2.35 66 2.34 128 2.35
11 129 2.36 128 2.27 257 2.31
12 82 2.30 93 2.27 175 2.29
13 29 2.31 50 2.11 79 2.18
14 24 2.48 29 2.16 53 2.30
15 11 2.43 18 2.29 29 2.35
16 6 1.97 15 2.19 21 2.13
17 7 2.46 10 2.23 17 2.33
18 1 2.54 4 2.34 5 2.38
19 1 2.58 2 2.28 3 2.38
20 – – 2 1.99 2 1.99
Total 369 434 804
Av. K 2.34 2.24 2.29
Max. 3.19 3.12 3.19
Min. 1.08 1.41 1.08
SD± 0.26 0.29 0.28
Table 5 Mean assigned lengths, standard deviation and
separation index for Chrysichthys auratus caught by gill nets
from Damietta branch of the River Nile showing the estimated
age groups as decomposed by Bhattacharya’s method.
Age group N Mean length SD SI
I 660 11.24 1.030
II 96 14.21 0.820 2.180
III 44 16.55 0.890 2.080
IV 4 18.50 2.290 1.860
SD= standard deviation.
SI = separation index.
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resulting from the model progression analysis are given in
Table 5.
Four age groups were identiﬁed from the data with mean
standard lengths of 11.24, 14.21, 16.55 and 18.50 cm respec-
tively. There are almost well segregation according to the valueFigure 7 Length frequency distribution of Chrysichthys auratus caugh
estimated age groups as decomposed by Bhattacharya’s method.of the separation index, which must be over 2 to allow an
objective separation of the adjacent groups (Rosenberg and
Beddington, 1988).
The von Bertalanffy growth model is commonly used in
ﬁsheries research to describe growth (Misra, 1986; Maller
and de Boer, 1988; Chen et al., 1992). In the present study,
the von Bertalanffy growth parameters are given in Table 6
and the von Bertalanffy equations for length and weight are
as follows:
Lt = 26.53 [1  e0.214(t + 1.569)] and
Wt = 461.00 [1  e0.214(t + 1.569)] 2.9427
According to the present data (in Damietta branch of
the Nile, Egypt), C. auratus lives to 4 years and have
L1 = 32.32 cm TL and coefﬁcient of growth (K) = 0.214.
Comparing the results of Ofori-Danson et al. (2002) with the
present results revealed that the C. auratus in Lake Volta,
Ghana is characterized by a longer life span, where it lives
for 5 years, so it attained larger L1 (31.0 cm SL) and growth
coefﬁcient K= 0.60 year1. Nonetheless, the same ﬁsh in Lake
Nokoue, Benin (Laleye and Philippart, 1993) reached 3 years
of age; L1 = 40.0 cm TL. It is well known that, the growth
coefﬁcient ‘‘K’’ is related to the longevity of the ﬁsh. The dif-
ferences with Ofori-Danson et al. (2002) and Laleye and
Philippart (1993) may be attributed to the differences in the
environmental conditions.
Growth performance index
For describing the overall growth performance of the ﬁsh spe-
cies, the Pauly’s growth performance index (U) has been used
since it is the best index for expressing the ﬁsh growth (Moreau
et al., 1986). It was calculated depending on von Bertalanffy
growth parameters L1, W1 and K as obtained in the present
results. It was found that the growth performance index oft by gill nets from Damietta branch of the River Nile showing the
Table 6 Growth parameters and ﬁshery parameters of Chrysichthys auratus from Damietta branch of the River Nile, Egypt (January
2010–December 2010).
Parameters Value Parameters Value
Growth parameters Fishery parameters
Coeﬃcient of growth (K) 0.214 Total mortality coeﬀ. (Z) 1.44
Hypothetical age at zero size (to) 1.569 Natural mortality coeﬀ. (M) 0.60
Asymptotic length (L1) 26.53 Fishing mortality coeﬀ. (F) 0.84
Mean length (L0) 11.85 Annual mortality rate (A) 0.76
Minimum length in sample (Lmin) 7.00 Survival rate (S) 0.24
Maximum length in sample (Lmax) 20.00
Intercept of length–weight relationship (a) 0.0298 Length at ﬁrst capture (Lc) 9.66
Coeﬃcient of length–weight relationship (b) 2.9427 Length at recruitment (Lr) 8.94
Asymptotic weight (W1) 461.00 Age at ﬁrst capture (tc) 0.54
Growth performance in length (AL) 2.18 Age at recruitment (tr) 0.35
Growth performance in weight (Awt) 1.11
Exploitation ratio (Ecur) 0.58
Av. water temperature (T) 22.00 Current yield per recruit (Y/R) 23.09
Current biomass per recruit (B/R) 27.49
Relative current yield per recruit(Y/R0) 0.0158
Table 7 Natural mortality at
age for Chrysichthys auratus
from Damietta branch of the
River Nile, Egypt (January
2010–December 2010).
Age M
0.00 –
0.25 0.54
1.00 0.14
1.25 0.12
2.00 0.08
2.25 0.07
3.00 0.05
3.25 0.05
4.00 0.04
178 E. RaghebC. auratus from Damietta branch of the Nile was UL = 2.18,
UW = 1.11 (Table 6). The growth pattern determined by the
growth performance index (U) was higher for C. auratus in
Lake Volta, Ghana as shown by Ofori-Danson et al. (2002)
(U= 2.76) than for C. auratus in the present study area.
Mortalities
The obtained length converted catch curve (Fig. 8) gives an
estimate of the total mortality coefﬁcient (Z) = 1.44. The cal-
culated Survival rate (S) was 0.24 i.e., about 24% of C. auratus
survive per year after their ﬁrst year of life and hence the
annual mortality rate (A) = 0.76.
The natural mortality (M) was estimated by using the equa-
tion of Pauly (1980) in which the von Bertalanffy growth con-
stants L1, K and the mean annual water temperature of the
Damietta branch 22.0 C were used. The obtained results show
that M was found to be 0.60, and hence F= 0.84. The calcu-
lated natural mortality coefﬁcient (M) was about 42% of the
total mortality, while ﬁshing mortality represents 58%.
The vender of M by age (Table 7) showed a high M in
younger age groups than the older individuals (M= 0.54 atFigure 8 Catch curve for Chrysichthys auratus caught by gill nets
from Damietta branch of the River Nile, Egypt (January 2010–
December 2010).0.25 year, M= 0.14 at 1.0 year and M= 0.04 at 4.0 year)
which may be due to a size at ﬁrst captured, since a small size
at ﬁrst captured suffers higher natural mortality rates than the
older individuals due to both density dependent processes and
predation pressure.
Comparing the results of Bakhoum and Sayed-Ahmed
(2003) with the results of the present study revealed a lower
value of natural mortality (M) in El-Nozha Hydrodrome,
Alexandria, Egypt (M= 0.234, 0.233) and River Nile at Al-
Minya, Egypt (M= 0.318, 0.368) for C. auratus auratus and
C. auratus longiﬁlis respectively than in the present study area
(M= 0.60). This difference may be related to the difference in
the environmental conditions.
Exploitation ratio
The current exploitation rate (Ecur) of the present ﬁsh species is
realized as 0.58. This value was not more than 0.50 for the
optimum condition of exploitation (Gulland, 1971). This
means that the stock of C. auratus from Damietta branch
was rationally exploited (Table 6).
Fishery biology of Catﬁsh (Chrysichthys auratus, Family: Bagridae) 179Length (Lc) and age (tc) at ﬁrst capture
The estimation of the length at ﬁrst capture, which is closely
related to the mesh size of the used gill nets, was derived from
the length converted catch curve analysis (Pauly, 1984).
By applying the formula:
Lc ¼ L0  ðKðL1  L0Þ=ZÞ and tc
¼ ð1=KÞLnð1 Lc=L1Þ þ toÞ
The value of Lc and its corresponding age tc was found to
be 9.66 cm and 0.54 year respectively (Table 6).
Length (Lr) and age (tr) of recruitment
The length of recruitment (Lr) and its corresponding age (tr)
for C. auratus were equal to Lr = 8.94 cm and tr = 0.35 year
(Table 6) since those are computed by the formulae of
Lr ¼ L0  ðKðL1  LminÞ=ZÞ and tr ¼ ð1=KÞLnð1 Lr=L1Þþ
toÞ where, L1 and K are von Bertalanffy growth parameters
given in Table 6.Figure 9 Relationship between yield per recruit and biomass
against ﬁshing mortality for Chrysichthys auratus caught by gill
nets from Damietta branch of the River Nile, Egypt (January
2010–December 2010) (according to Beverton and Holt, 1957).
Figure 10 Yield per recruit and biomass per recruit for Chrysichthys a
Egypt (January 2010–December 2010) at Lc = 9.67 cm, tc = 0.548 yrRelative yield per recruit (Y/R) and relative biomass per recruit
(B/R)
The model of Beverton and Holt (1957) was applied to esti-
mate the relative yield per recruit of the studied ﬁsh for the dif-
ferent ﬁshing mortalities from 0.1 to 2.4 (Fig. 9). The
maximum sustainable yield (MSY) was attained at E= 0.65
and ﬁshing mortality F= 1.1 reaching Y/R= 23.39 g and
B= 21.27 g, which is higher than the actual ﬁshing mortality.
However, at the level of ﬁshing mortality operating F= 0.840,
Ecur was 0.58, Y/R= 23.09 g (= current yield) and Biomass
was 27.49 g.
For a stable ﬁshery, Gulland (1971) suggested that a ﬁsh
stock is optimally exploited at a level of ﬁshing mortality (F)
which generates exploitation ratio (E) = 0.50, where Fopt =
M, but in the present study F(0.84) >M(0.60) i.e., at
F=M= 0.60, E= 0.50, Y/R= 22.10 g and B/R= 36.83 g.
The present results show that the current exploitation rate
(Ecur = 0.58) at Y/R= 23.09 was slightly lower than that
which gives the maximum Y/R= 23.39 (Emax = 0.65) and
slightly higher than the optimum exploitation rate (E= 0.50)
which gives Y/R= 22.10 g and also higher than the maximum
economic yield (MEY) (19.95 g) which gives a biomass as
49.87 g corresponding to E= 0.40.
The modiﬁed relative yield per recruit (Y/R0) model by
Pauly and Soriano (1986) showed a long term catch weights
and stock biomass per recruit under different exploitation rates
(Fig. 10). As shown from the results the maximum yield per
recruit was obtained at E= 0.33. The present level of E
(0.58) was higher than that which gives the maximum Y/R0.
Moreover, the current exploitation rate is higher than the
exploitation rate that protects 50% of the stock biomass.
For C. auratus in present study, the exploitation rate that give
maximum Y/R0 give protection of 50% stock biomass is
(E= 0.33).
As given by yield per recruit estimation the results indicate
that C. auratus was rationally exploited. The management by
decreasing the exploitation rate and increasing the length at
ﬁrst capture as regards by changes in mesh size without consid-
ering the higher natural mortality rates of smaller individuals
associated with a mesh size increase will undoubtedly be over-
estimated. This gill net is multispecies net therefore similaruratus caught by gill nets from Damietta branch of the River Nile,
(according to Pauly and Soriano, 1986).
180 E. Raghebstudies must be done to other economically important species.
This means that good monitoring of ﬁshing effort is essential.
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